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Figure 2 shows the reaction scheme for the development of  the molecularly imprinted 
polymers.  These steps include the surface modification of the iron oxide nanoparticles, the 
copolymerization, and the extract and rebinding of the molecule that was imprinted.  
First, the nanoparticles were synthesized at a yield of 82% and found to be magnetic (fig 1).  
The particles remained magnetic throughout the surface modification and copolymerization.  
An SEM picture was used to observe the size of the synthesized  particles.
Fig 3.SEM images of Fe3O4 Nanoparticles at 210 and 45.7 µm 
It appears that the particles form into large microspheres instead of nanospheres.  By looking 
at the 45.7 µm scale picture, it appears that the particles at about 1 µm.  Changes to the 
reactants and the procedure could be made to reduce the size of these particles.
IR spectroscopy was used to identify the particles at the different stages. The broad band 
from 540 to 640cm-1 is the Fe-O bond, and can be seen in the spectrum of the bare particles, 
acrylic acid modified particles, and the copolymer, showing that the Fe3O4 nanoparticles 
remained in-tact throughout the reactions.
Grafting the nanoparticles with acrylic acid was a challenge, while washing the grafted 
particles, the acrylic acid seemed to be pulled off, making them unable to be suspend in an 
organic solvent. A few reasons why this may have happened:
• Over-ultrasonication may have caused the reaction environment to be too forceful 
• PH of the facility’s DI water was found to be around 4-5, while the pKa of acrylic acid is 
4.2, causing re-protonation of the acrylic acid, and thus washing the ligand off
However, evidence of some attachment of acrylic acid at the surface of the nanoparticles is 
seen in figure 6.  The strong band at 1436 cm-1 from the acrylic acid (fig 4) appeared on the 
washed acrylic acid modified nanoparticles (fig 6).  Additionally, there is broadening of the 
band at 1620 cm-1, this comes from an emerging peak at around 1720 cm-1, showing 
evidence of a C=O bond. 
Polymerization was also a challenge, evidence from early IR spectra showed the product 
looked similar to the surface modified particles, this may have been because not enough 
acrylic acid was being grafted at the surface.  Figure 7 shows a control polymer made in 
absence of a template with more acrylic acid added, additionally only half of the solvent in the 
protocol was used, which resulted in it evaporating out sometime during copolymerization.  
However, the film left on the bottom was black (compared to the brown product in earlier 
products) and showed evidence of polymerization.  The C=O bond band increased in the 
copolymer spectra (fig 7) because the polymer chain that contains acrylamide, and the 
polymer may be holding the acrylic acid in place.  
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Pharmaceuticals are increasingly being detected in 
environmental water samples, but unfortunately not 
much is known about the ecological effects of these 
drugs.1 For example, feminized rainbow trout have 
been found near sewage treatment centers, thought to 
be caused by the synthetic estrogen pharmaceutical, 
ethinylestradiol (EE2).2
The purpose of this research project is to develop a 
method to clean up waste water using the binding 
nature of synthesized polymers attached to magnetic 
Fe3O4 nanoparticles, which would allow for magnetic 
separation of the unwanted particles.
Fig 1. Magnetic Separation
This project focused on the removal of caffeine, 
naproxen, and ibuprofen.  Eventually, hormones and 
more troublesome pharmaceuticals would be ideally 
targeted; however, cheap drugs are being used to 
develop the process.
In summary:
• We were successfully able to synthesize  magnetic 
Fe3O4 particles
• The synthesized iron nanoparticles were very large 
in size, forming clumps from 1 µm to larger than 
100 µm
• IR spectroscopy showed we attached some amount 
of acrylic acid, along with some polymer as shown 
by the C=O band at 1720 cm-1
• Iron oxide particles remained magnetic and 
unchanged throughout reactions as seen by the 
Fe-O peak from 540 to 640 cm-1 on  the IR 
spectrum.
In order for this method to be developed for waste water
clean up, there is still a lot of work to be done in this 
project.  Future research will involve:
• Finding a way to produce iron oxide nanospheres 
at smaller sizes 
• Attempting to better attach the acrylic acid by 
avoiding acidic water and being gentle with the 
reaction
• Developing a procedure to produce the same 
results as the polymer shown in figure 7
• Producing a polymer with a template 
• Completing binding studies on the imprinted 
polymer by UV-Vis spectroscopy specifically looking 
at first naproxen, then ibuprofen or caffeine
WSU Grant Support for travel and materials.
Fig 4.IR Spectra of Acrylic Acid





















Fig 6.IR Spectra of Acrylic Acid 
Modified Nanoparticles



































































There are three parts of the procedure: synthesis of 
nanoparticles, addition of acrylic acid, and co-
polymerization.
The synthesis of magnetic nanoparticles was done by 
0.3375g FeCl26H2O was dissolved into 10 mL 
ethylene glycol .  0.9g NaAc and 0.25g PEG were 
added to this solution.  The solution was mixed in the 
ultrasonic for 30 minutes and microwaved at 175°C at 
200W for 15 minutes.  The solution was washed with 
Ethanol and DI water three times, respectively.  The  
particles were suspended in about 5 mL of ethanol.
The addition of Acrylic acid was done by adding 2 µL 
acrylic acid to the magnetic nanoparticle suspension 
and shaking using both ultrasonication and vortex for 
two hours.  The particles were washed with ethanol 
and chloroform.  The  washed particles should disperse 
easily in organic solvent. 
About 80mg of the particles were dispersed into 60 mL 
acetonitrile in the ultrasonic.  Samples of 16.5mg 
acrylamide, 170 µL EGDMA, 25 mg of the template (no 
template used for control polymer) and 10 mg AIBN 
were mixed into the suspension and purged with N2 for 
10 minutes.  The mixture was then hand shaken and 
left in the oven for 6 hours at 50 degrees, 12 hours at 
60 degrees, and 6 hours at 70 degrees, shaking every 
few hours.
SEM samples were prepared by using double stick 
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 The purpose of this research project is to develop a method to attach imprint polymers 
onto nanoparticles for waste water treatment.  We are achieving these goals through a 
microwave-assisted synthesis of magnetic nanoparticles, grafting surface of these particles with 
acrylic acid, and polymerization around a template molecule to create a reusable imprint 
polymer with the ability to bind, and rebind specific molecules.  This project will focus on the 
removal of common drugs such as ibuprofen, naproxen, and caffeine that can easily enter the 
environment through continued human use.  The approximate size of the iron oxide particles 
were found by SEM images and the particles at different points in the reaction scheme were 
characterized by the use of IR spectroscopy.  With evidence of an emergence of a C=O peak 
(1720 cm-1) from the attached acrylic acid and acrylamide in the polymer, it was concluded that 
the polymerization was successful. Further research will include a more accurate size analysis of 
the iron oxide nanoparticles and the use of UV-Vis spectroscopy to study the binding and 





 Pharmaceuticals are increasingly being detected in environmental water samples.1  A 
2013 study found that only half of drugs are removed from sewage in the 1,400 waste water 
treatment plants on the great lakes.2 Unfortunately, not much is known about the ecological 
effects of these drugs.1   During the study, many varieties of antibiotics used in soap and as 
pharmaceuticals were found, these high levels of antibiotics in the environment have led to 
concerns of antibiotic resistant bacteria.2  Additionally, feminized rainbow trout have been 
found near sewage treatment centers, thought to be caused by the synthetic estrogen 
pharmaceutical, ethinylestradiol (EE2).3 
 The purpose of this research project is to develop a method to clean up waste water 
using the binding nature of synthesized polymers attached to magnetic Fe3O4 nanoparticles, 
which would allow for magnetic separation of the unwanted pharmaceuticals in waste water. 
Fig 1. Magnetic Separation 
 
   
 This project focused on the removal of caffeine, naproxen, and ibuprofen.  Eventually, 
hormones and more troublesome pharmaceuticals would be ideally targeted; however, cheap 
drugs are being used to develop the process. 
Experimental: 
 There are three parts of the procedure: synthesis of nanoparticles, addition of acrylic 
acid, and co-polymerization. 
 The synthesis of magnetic nanoparticles was done by dissolving 0.3375g FeCl26H2O into 
10 mL ethylene glycol .  0.9g NaAc and 0.25g PEG were added to this solution.  The solution was 
mixed via ulrasonication for 30 minutes and microwaved at 175°C at 200W for 15 minutes.  The 
solution was washed with Ethanol and DI water three times, respectively.  The particles were 
suspended in 5 mL of ethanol. 
 The addition of Acrylic acid was accomplished by adding 2 µL acrylic acid to the 
magnetic nanoparticle suspension and shaking using both ultrasonication and vortex for two 
hours.  The particles were washed with ethanol and chloroform.  The washed particles should 
disperse easily in organic solvent.  
 About 80mg of the particles were dispersed into 60 mL acetonitrile in the ultrasonicator.  
Samples of 16.5mg acrylamide, 170 µL EGDMA, 25 mg of the template (no template used for 
control polymer) and 10 mg AIBN were mixed into the suspension and purged with N2 for 10 
minutes.  The mixture was then hand shaken and left in the oven for 6 hours at 50 degrees, 12 
hours at 60 degrees, and 6 hours at 70 degrees, shaking every few hours. 
 SEM samples were prepared by using double stick carbon tape.  IR of the nanoparticles 
was taken by creating KBr pellets.  IR was taken on a Thermo Scientific NICOLETTM IR100 FT-IR 
Spectrometer. 
Results and Discussion: 
 Figure 2 shows the reaction scheme for the development of the molecularly imprinted 
polymers.  These steps include the surface modification of the iron oxide nanoparticles, the 
copolymerization, and the extraction and rebinding of the molecule that was imprinted.  
 
 First, the nanoparticles were synthesized and found to be magnetic (fig 1).  The particles 
remained magnetic throughout the surface modification and copolymerization.  An SEM picture 
was used to observe the size of the synthesized particles. 




 It appears that the particles form into large microspheres instead of nanospheres.  By 
looking at the 45.7 µm scale picture, it appears that the smaller particles at about 1 µm.  
Changes to the reactants and the procedure could be made to reduce the size of these 
particles. However, the particles may be smaller than estimated by the SEM picture because 
they disperse so easily in solvent and remained dispersed.  This may be because the procedure 
for preparing SEM samples includes drying them in the oven.  This drying process may have 
caused the magnetic particles to cluster together. 
IR spectroscopy was used to identify the particles at the different stages. The broad band from 
540 to 640cm-1 is the Fe-O band and can be seen in the spectrum of the bare particles (fig 4), 
acrylic acid modified particles (fig 5), and the copolymer (fig 6) showing that the Fe3O4 
nanoparticles remained in-tact throughout the reactions. 
 Grafting the nanoparticles with acrylic acid was a challenge, while washing the grafted 
particles, the acrylic acid seemed to be pulled off, making them unable to be suspend in an 
organic solvent. There are a few reasons why this may have happened: 
• Over-ultrasonication may have caused the reaction environment to be too forceful  
• pH of the facility’s DI water was found to be between 4 and5 with some variablilty, while 
the pKa of acrylic acid is 4.2.   Washing with DI water was perhaps causing re-
protonation of the acrylic acid, and thus washing the ligand off 
 However, evidence of some attachment of acrylic acid at the surface of the 
nanoparticles is seen in figure 6.  The strong band at 1436 cm-1 from the acrylic acid (fig 4) 
appeared on the washed acrylic acid modified nanoparticles (fig 6).  Additionally, there is 
broadening of the band at 1620 cm-1, this comes from an emerging peak at around 1720 cm-1, 
showing evidence of a C=O bond.  
 Polymerization was also a challenge, evidence from early IR spectra showed the 
polymerization product looked similar to the particles that were grafted with acrylic acid, this 
may have been because not enough acrylic acid was being grafted at the surface.  Figure 7 
shows a control polymer made in absence of a template with more acrylic acid added, 
additionally only half of the solvent in the protocol was used, which resulted in it evaporating 
out sometime during copolymerization.  However, the film left on the bottom was black 
(compared to the brown product in earlier products) and showed evidence of polymerization.  
The C=O bond band increased in the copolymer spectra (fig 7) because the polymer chain that 














Fig 4.IR Spectra of Acrylic Acid 
 
 
Fig 5.IR Spectra of Nanoparticles 
 
 





















































































 In conclusion, we were successfully able to synthesize magnetic Fe3O4 particles at an 
apparent large size, forming clumps from 1 µm to larger than 100 µm, however the particles 
may be smaller than estimated by the SEM picture because they disperse so easily in solvent 
and remained dispersed.  IR spectroscopy showed we attached some amount of acrylic acid, 
along with some polymer as shown by the C=O band at 1720 cm-1.  Iron oxide particles 
remained magnetic and unchanged throughout reactions as seen by  the Fe-O peak from 540 to 
640 cm-1 on  the IR spectrum. 
 In order for this method to be developed for waste water clean-up, there is still a lot of 
work to be done in this project.  Future research will involve finding a way to produce iron oxide 
nanospheres at smaller sizes and finding a more accurate size of the particles.  Another goal will 
be to better attach the acrylic acid by avoiding acidic water and being gentle with the reaction.  
Then, it will be important to producing a polymer with a template molecule and completing 
binding studies on the imprinted polymer by UV-Vis spectroscopy specifically looking at first 
naproxen, then ibuprofen or caffeine. 
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